discussion of numerical results. The solution obtained for the bends are also compared to the reported numerical results for the straight microchannel [9] . To the best of our knowledge, no other published report has addressed microflow in this particular geometry.
MODEL DESCRIPTION
The two-dimensional micro-column geometry under consideration is shown in Fig. 1 . The overall dimensions of the microchannel with two 90 o bends are based on the first generation straight microchannel system [6] numerical flow prediction through which was documented earlier [9] . The present focus is isolated on the serpentine channel ( Fig. 1 ) for which the centerline length L, height H and width W remain the same as in Ref. [6] . The working fluid is
Nitrogen and its properties along with other flow parameters are listed in Table 1 . Since the H/W <<1, the three-dimensional effects in this case is assumed non-dominant and only twodimensional modeling is pursued. For two-dimensional analysis the end effects across the width W (normal to the xy-plane) have been ignored. The aspect ratio of the channel is 2500 with a centerline length of 3000 µm and the Knudsen number at the outlet is 0.0585 for the given conditions.
The compressible two-dimensional Navier-Stokes equations with constant viscosity and Stoke's hypothesis are used to model the system. For the 'no-slip' wall condition in continuum description, all components of the velocity vanish at the solid wall. As the system length scale becomes comparable to the mean free path of the working fluid, the streaming velocity at the wall becomes important. The boundary condition in this case can be interpreted as the flux or Neumann condition from the macroscopic point of view. We shall implement first order slip boundary conditions [10, 11] in the momentum and energy equations. Using the ChapmanEnskog relation for hard spherical molecules of ideal gas at temperature T, the wall-slip boundary condition and temperature jump relations are given as, [9] have successfully applied the first-order boundary condition for higher Knudsen number (upto 7.36).
The present problem has an outlet Knudsen number of 0.0585.
RESULTS AND DISCUSSIONS
Nitrogen gas flow through the channel has been analyzed for both slip and no-slip boundary conditions. The hydrodynamic model is based on the finite element algorithm developed in Ref. [9] . The computational domain is discretized using 560 (28 along L, 20 along H in while Eqns. (1a-1b) are used for the slip boundary conditions. For slip boundary since the roughness of the channel is not known, we assume σ V = σ T ≈1.0, implying that the channel surface is rough [5, 9] . The pressure at the outlet, P 0 is maintained at 100.8 kPa while the inlet pressure, P i is specified based on the pressure ratio.
Richardson's extrapolation has been utilized to determine the mesh independence of the solution on this mesh. Using a second order accurate interpolation, Fig. 2 plots the solution L 1
(one-) and L (max-) norms. For a 90 o bend the flow undergoes skewing due to the change in streamwise direction in comparison to the flow through a straight duct. In Fig. 3(a) , the no-slip condition the flow shows a skewed parabolic profile with a zero velocity on the walls, while for the slip boundary condition there is an increase in the curvature showing relatively higher velocities at the walls and the center, Fig. 3(b) .
For five selected pressure ratios, comparison of the numerical centerline slip results of the straight and 90 o bend in Fig. 4 shows a marked difference in the pressure distribution. This is due to the higher shear stress caused by the sharp change in momentum at the bends. The difference becomes larger as the pressure ratio increases. The distribution for the bend shows a maximum difference of ~+4% at the upstream bend and ~-20% along the downstream bend. Fig.   5 shows increasing divergence for increasing pressure ratios between the no-slip and the slip wall solutions with a maximum difference of ~-6% at the first bend and ~+10% at the downstream bend.
For the micro-column the u-velocity rises till the first transition point and then encounters a sudden drop (to nearly zero) due to change in direction of the flow, Fig. 6 . The u-velocity again picks up at the second transition point (bend). The increase in velocity is proportional to the pressure ratio for a fixed outlet pressure. For the peak outlet velocity, the maximum Reynolds number is 0.04. The slip condition indicates that lesser frictional force has to be overcome on the walls generating a higher velocity as compared to the no-slip condition. Thus the slip flow shows nearly 55% more velocity at the peak point than the no-slip condition for P in /P out =2. and a straight microchannel [6, 9] with slip flow along the centerline. 
